Abstract. The paucity of modern pollen-rain data from the Iberian Peninsula is a signifi cant barrier to understanding the Late Quaternary vegetation history of this globally important southwestern mediterranean region. The relationships between current vegetation, the available environmental data and modern pollen are examined in Central Spain for both natural and human-induced vegetation types, as an aid for palaeoenvironmental reconstructions. A set of 60 surface moss polsters was sampled from different vegetation and land-use types in the Madrid autonomous region, and analysed to obtain modern pollen analogues of ancient cultural landscapes. Hierarchical cluster analysis (HCA) was used to divide the main pollen taxa into two major groups and ten subgroups representing the anthropic and natural vegetation types and the main communities within them. Statistically distinctive taxa were identifi ed using principal components analysis (PCA). The results indicate that human-infl uenced communities have pollen assemblages that are different from those of natural vegetation types. When modern pollen assemblages are compared, the three Holm oak (Quercus rotundifolia) communities of Madrid, representing two phytogeographical provinces and three subprovinces, are easily distinguishable by their pollen spectra.
Introduction
Studies of fossil pollen and spores can be palaeoecologically informative and are used worldwide to reconstruct vegetation responses to climate change during the Quaternary period, to establish the phytogeographic/phylogeografi c patterns of some taxa, and fi nally to estimate past climatic parameters (Birks & Birks 1980 , Birks 1993 . The reliability of pollen analysis as a tool in the reconstruction of past vegetation depends on the precise understanding of how vegetation composition is refl ected in pollen assemblages (Janssen 1970 , Broström et al. 1998 . The characterisation of modern ecosystems by their pollen rain is thus an essential prerequisite for interpreting Late Quaternary fossil pollen data (Gaillard et al. 1992 , Hicks & Birks 1996 , Court-Picon et al. 2006 . In fact, palaeoenvironmental information is often extracted from pollen records using the modern analogue technique (Overpeck et al. 1985 , Räsänen 2001 , because this method relies upon comparisons between fossil pollen samples and pollen samples coll ected from the modern landscape, where vegetation, climate and other landscape characteristics can be described (Barboni et al. 2004) . Modern pollen stu dies are also widely used to increase understanding of pollen productivity of species or plant communities, which is vital as an aid to the interpretation of fossil pollen spectra (Newsome, 1999 , Sugita et al. 1999 , Soepboer et al. 2007 ).
Various approaches have been used to explore the qualitative and quantitative relationships between vegetation and its pollen representation. Scatter plots showing the relationships between modern pollen and plant percentages/abundances have been widely applied (e.g. Bennett & Hicks 2005 , Court-Picon et al. 2006 . One of the applications of these relationships concerns the quantifi cation of human impact on vegetation. A great deal of research has explored the relationship between anthropic pollen indicators and vegetation in human-infl uenced landscapes in Central and Northern Europe (e.g. Gaillard et al. 1992 , Hicks & Birks 1996 , Hjelle 1997 , 1998 , Broström et al. 1998 , Räsänen 2001 , CourtPicon et al. 2005 , Mazier et al. 2006 . These studies are important for understanding landscape change and human impact on a fi ne spatial scale. It is thus important to study various human infl uenced environments in order to categorise these vegetation types (e.g. arable-weed fl ora, ruderal fl ora, meadow, etc.) by their pollen assemblages (Brun et al. 2007 ). Recognition of taxa favoured by human activity ('indicator species') has often been the most common approach (e.g. Behre 1981; López-Sáez et al. 2003) . These studies identifi ed pollen assemblages and indicator pollen taxa in various land-use practices, but the validity of the application of these results in the more southerly regions of Europe, such as Spain, is still open to question.
Few studies of modern pollen rain have been undertaken in the Iberian Peninsula, and these studies have to date been concentrated in eastern and northwestern Spain (e.g. Aira & Barthélemy 1990 , Catrufo & Aira 1990 , Carrión 2002 ). There has been no comprehensive study of the relationship between modern pollen and vegetation in Central Spain, and with a few exceptions (e.g. Franco-Múgica et al. 1998 ) the Holocene pollen records are poorly dated, and only a few studies have incorporated a modern pollen-rain analysis in their work (Andrade et al. 1994 , Dorado & Ruiz-Zapata 1994 , Maldonado et al. 2003 . None of these reconstructions of past plant communities or vegetation-landscape units involving modern pollen spectra have been attempted for human-infl uenced vegetation types. These attempts would be particularly important in the Iberian Peninsula because human-infl uenced landscapes have often been dominant since early Neolithic communities (Riera et al. 2004 , López-Sáez et al. 2005 .
The aims of our study are: 1) to show a relationship between modern surface pollen, vegetation, land-use and environmental parameters; 2) to assess whether human-mediated communities can be recognised and distinguished from natural vegetation types by means of these pollen assemblages; and 3) to determine the taxa that are statistically distinctive in each particular vegetation community or land-use practice. With this objective, we studied several surface pollen assemblages and environmental measurements from sites across a wide geographical range, with a corresponding wide range of environmental and species assemblages. The area selected contains natural and anthropic landscapes in Central Spain (Madrid), which has the unusual feature of being the only area in Spain with three distinct phytogeographic subprovinces, each featuring a different plant association for evergreen Holm oak (Quercus rotundifolia) forests.
Study Area
The study area is the Madrid region in Central Spain (Fig. 1) . This region spans 39º 53' N to 41º 10' N and 3º 03' W to 4º 34' W, encompassing an altitudinal gradient that ranges from 432 -2366 m a.s.l. It is approximately triangular and is 8,028 km 2 in area, which contains a very rich fl ora (2,233 species) due to the ecological diversity of the media that can be found in such a small space (Morales 2003) . The study area has a Mediterranean climate, and due to its inland location, has certain aspects of continentally (Mediterranean continental climate type), although the western part is subject to Atlantic infl uences 58 José Antonio López-Sáez et al. Rivas-Martínez (1982 . (Capel-Molina 2000) . The total annual precipitation ranges between 300 and 1,900 mm, increasing steadily from the southeast to the northwest. This is an important factor in vegetation distribution (Izco 1984) . The highest precipitation values, exceeding 1500 mm, occur in the Guadarrama mountain range, which runs Southwest-Northeast; while the lowest values, of roughly 430 mm, occur in the South-East of the province. The annual temperature ranges between 12 -17 ºC, in the mesomediterranean belt, the most extensive in the province; between 8 -12 ºC toward the North and Northwest in the vicinity of the Central Range (the supramediterranean belt); and ranges between from < 5 -8 ºC (oromediterranean belt) only in some small areas of the Guadarrama Range.
Since pollen dispersal and deposition is governed by turbulence and wind patterns, the winds directions in the Madrid area, considered in its annual average, are from North-Eastern (fi rst quadrant) and SouthWestern (third quadrant) (Capel-Molina 2000) . Figure 1 shows the vegetation series map (1:400.000) of Madrid (Rivas-Martínez 1982 taken from the Digital model (http://www.mma.es/) [UTM projection, ED50, 1:400,000]. Chorologically, Madrid is the only area of the Iberian Peninsula that encompasses three biogeographic subprovinces, as it is a transitional zone between the eastern basiphilous territories (Mediterranean Central Iberian province: Castillian subprovince) and the western and northern silicicolous region (Mediterranean West Iberian province: Carpetan-Leonesian and Luso-Extremadurenian subprovinces). A summary of the fl ora and vegetation of the Madrid county can be found in Rivas-Martínez (1982) , Izco (1984) , López-Sáez (1997) and Morales (2003) . The actual landscape is a mosaic of seminatural forests, 'dehesas' (open savannah-like woodlands), shrublands, grasslands, intensive agricultural fi elds and urban areas (Purves et al. 2007 ).
Material and methods

Field methods and environmental variables
Sixty surface moss samples were collected from across the Madrid region between 2001 and 2005 ( Fig. 1) , with positional and altitudinal data recorded using a portable Garmin Ltd. Global Positioning System (GPS) device. A stratifi ed sampling strategy was designed based on the vegetation series map (Fig. 1) , selecting random surface pollen samples in the most important natural or human-induced vegetation types within the study area and covering a east-west rainfall transect, based on advice given by Gaillard et al. (1992 Gaillard et al. ( , 1994 and Court-Picon et al. (2006) . Table 1 lists the locations and gives a short description of each site recorded in the study region. Syntaxa nomenclature follows .
As the aim of this study was to describe the phytogeographical features of the natural vegetation in the study area by mean of pollen analysis, we took samples in the three Holm oak communities described in Madrid: Junipero oxycedri-Quercetum rotundifoliae (the meso-and supramediterranean belts of the Carpetan-Leonesian subprovince), Pyro bourgaeanae-Quercetum rotundifoliae (the mesomediterranean belt of the Luso-Extremaduran subprovince) and Asparago acutifolii-Quercetum rotundifoliae (the mesomediterranean belt of the Castillian subprovince). Other samples were also collected in anthropic-mediated communities corresponding to seral stages of the communities mentioned above (Table 1) . The samples cover a wide range of sites with various degrees of openness in the landscape. The sample data set covers more than one growing season, and this should reduce any effect of annual variations in pollen production (Hjelle 1997) . A representative sample area was chosen as far from other vegetation types as possible at each site. The samples were grouped according to the main vegetation and land-use types at each sampling site. Each sample was a composite of 5 subsamples of moss polsters that were obtained randomly from an area of 100 m 2 to ensure even representation, and pooled into one sample per site (Gaillard et al. 1992 (Gaillard et al. , 1994 . Moss samples have been shown to be reliable in studies of modern pollen deposition when relative frequencies of pollen types are needed (e.g. Boyd 1986 , Räsänen 2001 , Räsänen et al. 2004 .
A total of 13 land-use and environmental variables were available for 60 sites (Table 1) . Arboreal cover was graded on an ordinal scale from 0 to 5 as follows: 5 (75 -100%), 4 (50 -75%), 3 (25 -50%), 2 (5 -25%), 1 (1 -5%), 0 (0%). In situ observation and the forest map of Spain (1:200.000) (http://www.mma.es/) (Ruiz de la Torre 2002) were the tools used for estimating the current vegetation cover in the Madrid region. Grazing pressure was calculated taking a 0 to 4 index into account (Court-Picon et al. 2006) : 0 (no grazing), 1 (site grazed for a few weeks), 2 (site heavily grazed), 3 (site intensively grazed), 4 (wayside fl ock shed). The climatic information was taken from the Digital Climatic Atlas of the Iberian Peninsula (Ninyerola et al. 2006 . The topographic data, e.g. the digital elevation model, came from the Shuttle Radar Topography Mission (SRTM) (http://srtm.csi.cgiar.org/) (Farr et al. 2007 Table 1 : Study sites and site characteristics for the 60 modern pollen surface samples from the Madrid region. Communities: AQ = Asparago acutifolii-Quercetum rotundifoliae, AS = Arrhenathero erianthi-Stipetum tenacissimae; DQt = Daphno gnidii-Quercetum cocciferae typicum, DQe = Daphno gnidii-Quercetum cocciferae ephedretosum fragilis, Dm = mesomediterranean/silicicolous Holm oak 'dehesa', Ds = supramediterranean/silicicolous Holm oak 'dehesa', GR = Genisto scorpii-Retametum sphaerocarpae, JQm-t = mesomediterranean Junipero oxycedri-Quercetum rotundifoliae typicum, JQm-a = mesomediterranean Junipero oxycedri-Quercetum rotundifoliae facies with Acer monspessulanum, JQm-p = mesomediterranean Junipero oxycedri-Quercetum rotundifoliae pistacietosum terebinthi, JQm-s = mesomediterranean Junipero oxycedri-Quercetum rotundifoliae sabulosum, JQs = supramediterranean Junipero oxycedri-Quercetum rotundifoliae, PQ = Pyro bourgaeanae-Quercetum rotundifoliae, PS = Pyro bourgaeanae-Securinegetum tinctoriae, Pt = pasturelands with Holm oak. Climatic parameters: Tm = minimum temperature in the coldest month, TM = maximum temperature in the hottest month, TA = annual temperature, Pm = precipitation in the driest month, PM = precipitation in the wettest month, PA = annual precipitation. Soil type: A = alfi sol, E = entisol, I = inceptisol.
Laboratory methods and pollen analysis
The moss polster samples were homogenized before processing for pollen. The samples were processed using 10% NaOH (boiled for 10 min) and 40% HF (4 h). Finally, water-free glycerol was used for the storage and preparation of microscopic slides. Pollen identifi cation was according to Moore et al. (1991) and Reille (1992 Reille ( , 1995 and took place at the lowest taxonomical level currently possible. "Type" groups of several taxa indistinguishable by their morphology were mentioned. Pinus pinaster was palynologically identifi ed according to Carrión et al. (2000) and Pistacia terebinthus according to Burgaz et al. (1994) . Non-pollen palynomorphs were also counted and identifi ed using Van Geel et al. (2003) , and López-Sáez & López-Merino (2007) . A Nikon Eclipse 50i lightmicroscope (Melville, NY, U.S.A.) was used to identify and count pollen. Routine counting was carried out at 400x magnifi cation. A minimum of 500 pollen grains were counted from each sample. Pollen percentages were calculated using a pollen sum excluding spores and hydro-hygrophytes, and presented as curves in a pollen percentage diagram. Tilia and TGView (Grimm 1992) and CorelDraw software were used to plot the pollen diagrams. The terms 'local', 'extralocal', 'regional' and 'extraregional' used in the text refer to different pollen source areas according to Prentice (1985) .
Statistical analyses
Indirect gradient analysis is primarily an exploratory data analysis method. Ordination or classifi cation analytical techniques are necessary for relating the species composition of communities to their environment. The pollen data set presented here is complex and multivariate. Indirect gradient analysis techniques are an effective way of identifying and visualising the main directions of variance (Bennett & Hicks 2005) , and they lead to an ordination-classifi cation diagram of samples, which optimally display how community composition varies with the environment (CourtPicon et al. 2005) . The exploratory data analyses were performed to determine whether the different plant communities are associated with the typical pollen spectra from which the parent vegetation can be identifi ed (Fig. 1, Table 1 ).
Only palynomorph taxa present at > 1% were included. Thirty-three pollen taxa and six non-pollen palynomorph taxa were selected for the numerical analyses. The analyses were performed on recalculated percentages after all modifi cations had been made. These included Acer, Alnus, Arbutus, Armeria/Limonium, Artemisia, Asphodelus albus, Aster, Boraginaceae, Cardueae, Amaranthaceae, Cichorioideae, Cistus ladanifer, Cyperaceae, Cytisus/Retama, Ephedra fragilis, Helianthemum, Juniperus, Labiatae undiff., Lavandula stoechas, Lygeum, Olea europaea, Phillyrea, Pinus pinaster, P. sylvestris, Pistacia terebinthus, Plantago lanceolata, P. major/media, Poaceae, Prunus/ Rubus, deciduous and evergreen Quercus, Securinega tinctoria and Urtica dioica, four coprophilous fungal ascospores (Cercophora, Podospora, Sporormiella and Sordaria), and Pteridium and Selaginella denticulata between fern spores. These pollen taxa were selected based on their importance in characterizing the ma- jor vegetation types in the area studied (Table 1 ). All samples (60) were used in the statistical analyses.
A hierarchical cluster analysis (HCA) in the Rmode was carried out using the program SPSS 15.0 to classify the samples (cases) and taxa (variables) into groups according to the dissimilarity between them (Fig. 2) . This was an exploratory tool designed to reveal groupings (or clusters) within multivariate ecological data, provided that they could be represented by a distance matrix (Ma et al. 2008 ). Average-linkage clustering (between-groups linkage) and euclidean distance with the Pearson product-moment correlation coeffi cient were used to construct the hierarchical cluster analysis. The percentage values of each taxa were not transformed. A synthetic pollen percentage diagram of the 60 surface samples from the Madrid area is shown in Fig. 3 , according to the divisions produced by the HCA.
The computer program CANOCO (Ter Braak & Šmilauer 2002) was used to perform the principal components analysis (PCA) and to identify statistically distinctive pollen/spore taxa within the complex multivariate pollen assemblages (Ter Braak 1987) . This was achieved by examining the component loadings derived from the correlation matrix for each variable (taxon). These calculations are often used to determine whether there are gradients within the samples, and the technique is not dependent on a priori group classifi cation (Graf & Chmura 2006) . The percentage data for the thirty-nine taxa were normalized by a log transformation prior to ordination using detrended correspondence analysis (DCA) (Ter Braak & Šmilauer 2002) . In the PCA scatter plot (Fig. 4, 5) , the taxa are shown as biplot arrows, and the direction of the arrow indicates the direction in which the values of the corresponding taxa increase most. The resulting species scores are parameters of a straight line and they are slope parameters. The ranking of the samples in relation to each taxa is seen by projecting the points for each sample down to each of the arrows (Ter Braak 1994 , Ter Braak & Šmilauer 2002 .
Results and interpretation
Hierarchical cluster analysis
On the fi rst division level, the dendrogram of the HCA performed on pollen data (Fig. 2) shows a good differentiation between anthropic and deforested landscapes (cluster 1) and forested landscapes (cluster 2), which is probably related to high pollen frequencies of evergreen Quercus (normally > 40%) and the high percentages of Poaceae (> 30%) in cluster 1. The other taxa with relatively high percentages in samples from cluster 1 are anthropogenic types like Aster, Boraginaceae, Cardueae or Cichorioideae, pastoral indicators like Amaranthaceae, Plantago lanceolata and Urtica dioica, and the coprophilous fungi Cercophora, Podospora, Sordaria and Sporormiella (Behre 1981; Van Geel et al. 2003 , López-Sáez & López-Merino 2007 .
The second cluster 1 division separates the 'dehesa' samples (cluster 1 2 ) from the remaining samples with no arboreal cover (cluster 1 1 ) ( Table 1) . The former Table 1 for abbreviations of communities. Table 1 for communities abbreviations.
are characterized by signifi cant frequencies of the evergreen Quercus (11.9 -34.9%), Lavandula stoechas (0.6 -7.7%) and anthropozoogenous types like Plantago lanceolata (3.6 -12%), P. major/media (0 -1.6%) and Urtica dioica (0.3 -5%), as well as the four coprophilous fungi mentioned above at relatively high percentages. The latter is characterized by very low percentages of the evergreen Quercus (< 10%) in conjunction with higher values of Poaceae (23 -65%) and signifi cant frequencies of Cytisus/Retama, Ephedra fragilis, Labiatae, Artemisia, Aster, Cardueae and Cichorioideae.
The third level of division of cluster 1 provides fi ve main clusters (A to E). The fi rst cluster (A) groups samples from the Arrhenathero erianthi-Stipetum tenacissimae community ('espartal'). The second cluster (B) groups samples from the Daphno gnidii-Quercetum cocciferae ephedretosum fragilis ('efedral'). The third cluster (C) includes four samples from the Genisto scorpii-Retametum sphaerocarpae ('retamar'). Cluster D contains seven samples characteristic of the mesomediterranean 'dehesa' landscape, while cluster E contains fi ve samples of the supramediterranean 'dehesa' (1 -2, 21 -23) together with three samples from pasturelands with Holm oak (5 -6, 18). These groups (cluster E) are associated with each other, probably because they share a important frequencies of Plantago lanceolata and coprophilous fungi (Cercophora, Podospora, Sordaria and Sporormiella), but they are individualized (clusters E 1 and E 2 in a fourth level of division) as a result of different evergreen Quercus pollen values.
The second division of cluster 2 separates two clusters (2 1 and 2 2 ). The fi rst (2 1 ) includes most of the samples in the Carpetan-Leonesian Junipero oxycedri-Quercetum rotundifoliae community from both the meso-and supramediterranean belts, as well as samples of the Luso-Extremadurenian Pyro bourgaeanae-Quercetum rotundifoliae. Samples 16 and 17 belong to the mesomediterranean Junipero oxycedri-Quercetum rotundifoliae facies with Acer monspessulanum included in cluster 2 2 together with two samples from the Pyro bourgaeanae-Securinegetum tinctoriae community ('tamujar'), seven samples from the basiphilous Asparago acutifolii-Quercetum rotundifoliae and three samples from the seral stage of the Daphno gnidii-Quercetum cocciferae.
The third level of division in cluster 2 provides fi ve main clusters (F to J). The fi rst ones (F) contain samples from the typicum (7 -8) and sabulosum (3 -4) subassociations of the Junipero oxycedri-Quercetum rotundifoliae and four samples (57 -60) from the Pyro bourgaeanae-Quercetum rotundifoliae. These vegetation types have a mixed understorey in which Cistus ladanifer, Lavandula stoechas and Pteridium aquilinum are signifi cant. These three groups of samples can be individualized by a fourth (F 1 and F 2 ) and a fi fth (F 2a and F 2b ) division level. Cluster G includes four samples (24 -27) within the supramediterranean Junipero oxycedri-Quercetum rotundifoliae and three samples (48 -50) from the humid and mesomediterranean pistacietosum terebinthi subassociation. Both can be individualized at the fourth level of division (G 1 and G 2 clusters respectively): the two vegetation types produced assemblages with signifi cant values of deciduous Quercus and Pinus sylvestris. Cluster H only includes two samples from the 'tamujar' woodland mentioned above. Cluster I separates the basiphilous Kermes oak (samples 38 -40) and Holm oak (samples 30, 41, 51 -56) communities, and became separated at the fourth level of division in clusters I 1 and I 2 . Finally, cluster J is clearly individualized, and includes two samples from the aforementioned facies with Montpellier maple from the Junipero oxycedriQuercetum rotundifoliae.
Surface pollen analysis
A total of 96 pollen and spore taxa were identifi ed in the 60 surface samples. The synthetic pollen diagram in Fig. 3 shows the 46 most abundant taxa. The sites have been grouped according to the divisions produced by the HCA (Fig. 2) and as a result of the local present-day vegetation from which moss polsters were collected (Fig. 1, Table 1 ). This fi gure shows that the different plant communities and sites are distinguishable on the basis on their pollen assemblages. The pollen characteristics of sites from each of these groups are described below.
Pollen assemblages from the Arrhenathero erianthi-Stipetum tenacissimae (AS) community (cluster A) are dominated by Poaceae (44.9 -65%). Most of this pollen type is probably derived from Stipa tenacissima, as it is the dominant species growing in the sampled sites (Izco 1984) . Other pollen taxa present are Cytisus/Retama (1 -12.3%), Armeria/ Limonium (0 -2.7%), Artemisia (0.9 -13.4%), Amaranthaceae (2 -6%) and Ephedra fragilis (0 -2.5%). Arboreal pollen taxa are mainly represented by Pinus pinea/halepensis (0.7 -2.6%) and low percentages of evergreen Quercus (0.8 -8.9%). Pollen percentages for the individual taxa vary greatly between the samples. The Daphno gnidii-Quercetum cocciferae ephedretosum fragilis (DQe) assemblage (cluster B) is characterized by maximum percentages of Ephedra fragilis (6.5 -7.8%), together with Poaceae (32.7 -37.7%), Helianthemum (2.9 -3.1%), Armeria/ Limonium (2.9 -4.2%), Artemisia (2.9 -3.1%), Lygeum (0.5 -1.2) and Amaranthaceae (9.9 -10.1%). Evergreen Quercus is always present in very low quantities (3.1 -5.5%). The Genisto scorpiiRetametum sphaerocarpae (GR) pollen assemblage (cluster C) is marked by low percentages of evegreen Quercus (< 1.2%) and high percentages of Cytisus/Retama (9.1 -23.7%). Other minor taxa are Artemisia (2.4 -8.7%), Amaranthaceae (6.2 -8.7%), Armeria/Limonium (1.3 -4.3%) and Ephedra fragilis (0.5 -4.1%). Pollen grains from non-local taxa are also present in AS, DQe and GR samples: Pinus pinaster, P. pinea/halepensis and deciduous Quercus. Large amounts of taxa favoured by human activities occur in these three groups: Aster (0.7 -6.5%), Boraginaceae (0.4 -3.3%), Cardueae (0.6 -18.6%), Cerealia (0 -0.5%) and Cichorioideae (0 -13.9%).
Evergreen Quercus (11.9 -34.9%) and Poaceae (28.9 -57%) are the dominant taxa in the pollen spectra from the mesomediterranean 'dehesa' (Dm, cluster D), the supramediterranean 'dehesa' (Ds) and pasturelands with Holm oak (Pt) (cluster E) samples. The pollen representation of these taxa varies between the sites. Poaceae pollen percentages fl uctuate between 50 -57% in Pt and < 30% in Dm and Ds. Evergreen Quercus pollen varies between 28.8 -34.9% in Ds and < 20% in Dm and Pt. Pinus sylvestris is present in four samples from Ds at ca. 5%, while Pinus pinaster (6.7 -11%) and P. pinea/halepensis (3.2 -10.7%) are present in moderate percentages only in the Dm samples. Coprophilous fungi spores such as Cercophora (2.3 -4.7%), Podospora (0 -1%), Sordaria (3.1 -15.4%) and Sporormiella (3.2 -10.2%) types and anthropozoogenous pollen taxa such as Plantago lanceolata (3.6 -12%) have their highest percentages in the Dm, Ds and Pt samples, while Urtica dioica (3.5 -5%) is only present in the Ds and Pt samples.
Evergreen Quercus is the most abundant pollen type in nearly all samples from clusters F, G, H and J and ranges from 32% to 75.3%. This taxon is present in all the surface samples, even those collected in edaphohygrophile communities (samples 28 -29), and is most prevalent in samples from silicicolous Holm oak forests (JQ, PQ). The arboreal/non arboreal ratio is thus never below 40%. The surface samples from the Junipero oxycedri-Quercetum rotundifoliae sabulosum (JQm-s, cluster F 1 ) are characterized by high percentages of Pinus pinea/halepensis (20.7 -24.9%), while in the typicum variant (JQm-t, cluster F 2a ) they only accounted for 2.2%. Pistacia terebinthus (7.7 -11.5%) predominates, with evergreen Quercus, the pollen spectra from the pistacietosum terebinthi subassociation of JQ (JQm-p, cluster G 2 ), while the supramediterranean variant (JQs, cluster G 1 ) is characterized by pollen spectra dominated by evergreen Quercus and Juniperus (9.6 -16.1%).
High percentages of evergreen Quercus also predominate in the pollen assemblages from the Pyro bourgaeanae-Quercetum rotundifoliae (PQ, cluster F 2b ), but there is a wide variety of shrub pollen taxa (Olea europaea, Cistus ladanifer, Cytisus/ Retama, Lavandula stoechas, Phillyrea) with moderate percentages that are important components of the pollen spectra of this community. The edaphohygrophytic Pyro bourgaeanae-Securinegetum tinctoriae community (PS, cluster H) has high percentages of evergreen Quercus (48.7 -50.7%), but Securinega tinctoria, Prunus/Rubus and Selaginella denticulata, which are present locally, contribute to the pollen spectra with 13.8 -17.4%, 4.9 -6.1% and 15 -35.5%.
The pollen spectra from Asparago acutifoliiQuercetum rotundifoliae (AQ) and Daphno gnidii-Quercetum cocciferae (DQt) communities (cluster I) are dominated by evergreen Quercus (40.2 -66.5%) and Poaceae (8.5 -29.6%). Minor pollen types include Cytisus/Retama (0 -1.2%), Helianthemum (0.5 -1.8%), Artemisia (0.8 -3.7%), Armeria/ Limonium (0.7 -2.6%), Amaranthaceae (1.4 -4.3%), etc. There is little pollen related to anthropic activities (e.g. Aster, Boraginaceae, Cardueae, Cichorioideae, Cerealia, Plantago sp, Rumex sp). The DQt pollen assemblage (cluster I 1 ) has relatively high percentages of Olea europaea (5.2 -6.2%). Pinus pinea/halepensis type pollen presents moderate percentages (< 10%) in sites located near areas afforested with pines.
Principal components analysis
A PCA biplot of the sample scores of individual spectra and loading (eigenvectors) for the pollen types is shown in Fig. 4 and 5. The fi rst two principal component axes are signifi cant, accounting for 30% and 13.7% of the variance, respectively. The fi rst principal component axis separates the pollen spectra into two groups. Samples from JQm-p, JQm-a, JQm-s, JQm-t, JQs, PQ, PS, DS, DM and Pt (samples 5, 6) have negative values on the fi rst axis while samples from AQ, DQt, DQe, AS, GR and Pt (sample 18) have positive values (Fig. 4) . The second principal component axis more or less separates the spectra of cluster 1 from those of cluster 2 of HCA (Fig. 2) . However, no good segregation is observed between the spectra from GR, AQ and DQt. The third and fourth axes, accounting for 8% and 6.3% of the total variance, also fail to separate these samples.
Cistus ladanifer, deciduous Quercus, Alnus, Pinus pinaster, Juniperus and Urtica dioica pollen have the highest negative loading on the fi rst principal component axis, whereas Poaceae, Cardueae, Aster, Ephedra fragilis, Amaranthaceae, Armeria/Limonium and Artemisia pollen types have the highest positive loading on this axis (Fig. 5) . These indicate that the fi rst component discriminates between pollen spectra with high xerophytic and basiphilous taxa pollen frequencies (positive values) and pollen spectra with high frequencies of humid (e.g. Alnus, deciduous Quercus, Cyperaceae, Pistacia terebinthus, Acer) and silicicolous elements such as Cistus ladanifer, Lavandula stoechas or Pinus pinaster (negative values). The spectra from silicicolous Holm oak communities (JQ, D and PQ) clearly differ in their pollen composition from all other basiphilous communities (AQ and related seral stages DQ, GR and AS) (Fig. 2, 4 ).
All samples with positive values (score > 0.3) in the fi rst axis are located in the area corresponding to the basiphilous Asparago acutifolii-Querco rotundifoliae sigmetum, while those with negative values are located in the territories of the silicicolous vegetation series Junipero oxycedri-Querco rotundifoliae sigmetum and Pyro bourgaea-nae-Querco rotundifoliae sigmetum, including the edaphohygrophytic vegetation series Pyro bourgaeanae-Securinegeto tinctoriae sigmetum ( Fig. 1 and 4, Table 1 ). Sample 18, for silicicolous pasturelands with Holm oak, has very small positive values (score = 0.03), which is possibly due to the high Boraginaceae pollen percentage (3.7%). In turn, all samples with positive values in the fi rst axis belong to the middle dry ombrotype (400 -500 mm), while those with negative values belong to the upper dry (500 -600 mm) and subhumid (600 -1000 mm) ombrotypes (Table 1) . However, samples 16 and 17, located in the middle dry ombrotype western area, have negative values (score > -0.5), possibly due to their high Acer pollen percentage.
Plantago lanceolata, P. major/media, Asphodelus albus, Urtica dioica, Boraginaceae and Poaceae pollen and the four coprophilous fungal spores (Cercophora, Podospora, Sordaria and Sporormiella) have the highest positive loading in the second principal component axis, whereas Helianthemum, evergreen Quercus, Labiatae, Prunus/Rubus and Phillyrea have the highest negative loading on this axis (Fig. 5) . This indicates that the second component discriminates between pollen spectra with high anthropozoogenous and coprophilous taxa percentages (positive values) and pollen spectra with high evergreen Quercus frequencies (negative values). Spectra from both meso-and supramediterranean 'dehesa' (Dm, Ds) and pasturelands with oak (Pt) landscapes have the highest positive values on the PCA axis 2, for samples with a grazing pressure score of 3 or 4 (Table 1) . Forested landscapes (AQ, DQt, JQ, PQ, PS), which are not subject to grazing, have high negative values on axis 2, while anthropic-mediated communities (GR, DQe, AS) have positive or negative values which are always very low (Fig. 4) .
Discussion
Modern pollen samples collected from 60 locations representing a wide array of habitats in Central Spain provide a reliable tool for interpreting the modern landscape. In this case, we have demonstrated the close relationship between oak pollen records from various types of Holm oak series in the Madrid region connected to three phytogeographical subprovinces (Castillian, Carpetan-Leonesian and LusoExtremadurenian). Pollen spectra provide accurate details of the species' composition in the current forest types and refl ect a fi ne spatial scale distribution. This means that they are best suited for comparisons with fossil pollen diagrams from archaeological sites or local bogs. In consequence, modern pollen data are a powerful tool for the calibration of fossil pollen records used to reconstruct past vegetation and climate in areas of complex topography, such as the Iberian Peninsula.
The results obtained using ordination-classifi cation techniques enable effective interpretation of how communities vary according to their environment. In specifi c terms, the PCA percentage (Fig. 4, 5) is dominated on the fi rst axis by the contrast between basiphilous (positive values) and silicicolous (negative values) Holm oak communities related to both edaphic and rainfall features, and on the second axis by the contrast between pastoral (positive) and ungrazed (negative) landscapes. Although extralocal, regional but also extraregional pollen (e.g. Pinus sylvestris type) is present in the pollen assemblages (Fig. 3) , the main impression is the dominance of local pollen. Vegetation types that produce a high amount of pollen, as studied here (López-Sáez 1997) , are less infl uenced by background pollen (pollen from outside the investigated sample sites) than vegetation types with a low pollen production (Hjelle 1999) .
Our study is the fi rst attempt to correlate pollen analysis of modern surface samples with a phytosociological approach in Spain. We recognize that there is a major disadvantage of using modern pollen data to analyse this relationship, because the taxonomic resolution to which pollen can be identifi ed is limited. Of the 96 taxa represented in our data set, only 24 are routinely identifi ed to species level. Most pollen can be identifi ed to genus level and some interesting types (e.g. Boraginaceae, Amaranthaceae, Cyperaceae, Poaceae) are only diagnosed to families. However, the combined study of pollen and statistical analyses (Fig. 2, 5 ) has enabled us to characterize the Holm oak communities of the Madrid area according to their modern pollen spectra.
Relationships between pollen and Quercus rotundifolia communities
Visual interpretation of the pollen diagram revealed that the different types of Holm oak communities are generally clearly distinguished by their modern pollen assemblages.
Holm oak (Quercus rotundifolia) forests, representing the potential vegetation in the dry mesomediterranean territories of the Castillian subprovince of Madrid, are on base-rich soils developed on limestones, calcareous or gypseous marles (RivasMartínez 1982 , Izco 1984 . The fi rst seral stage of the Asparago acutifolii-Quercetum rotundifoliae (AQ) is the Kermes oak (Quercus coccifera) calcicolous or gypsicolous garrigues (DQt: Daphno gnidii-Quercetum cocciferae). The most remarkable characteristic of pollen assemblage from both the AQ and DQt communities is the high percentages of evergreen Quercus (> 40%) and low percentages of Poaceae (Fig. 3) . The moderate frequencies of xerophytic and basiphilous taxa (Helianthemum, Artemisia, Armeria/Limonium, Amaranthaceae, Ephedra fragilis) suggest that these pollen taxa are derived from the local vegetation. The presence of Pinus pinea/halepensis type at relatively low percentages, despite the absence of natural pine trees in the SE of Madrid, is the result of long-distance transport of this pollen or the studied site location near pine-afforested areas.
Although the AQ and DQt communities are separated in two clusters (I 1 and I 2 ) (Fig. 2) there is no clear division between them in the HCA (both are included in the same cluster I) and PCA plots (Fig. 3, 4) . However, Olea europaea has high pollen percentages (> 5%) in the DQt samples, which possibly refl ect samples from sites related to anthropic activities (cultivation of olive trees). In fact, the Kermes oak garrigues appear after the degradation of the basiphilous Holm oak forests and their ecological characteristics and fl ora are very similar (Izco 1984) .
The differences between the degraded vegetation types of AQ (cluster 1 1 ), represented by the symbols AS, DQe and GR, are sometimes subtle. The most signifi cant difference between the DQt and DQe groups is that the pollen percentages of Ephedra fragilis in group DQe (ephedretosum fragilis subassociation) exceed 6%, whereas in the DQt (typicum) group they are absent. The degree of grazing and anthropic activities have a considerable infl uence on pollen deposition process in these degraded areas, and consequently infl uence the classifi cation of modern pollen samples from these vegetation types. Modern pollen spectra from AS (Arrhenathero erianthiStipetum tenacissimae), DQe and GR (Genisto scorpii-Retametum sphaerocarpae) communities are distinguished from those of woodlands by the predominance of human induced pollen types (Aster, Boraginaceae, Cardueae, Cichorioideae, Plantago lanceolata, P. major/media, Polygonum aviculare, Urtica dioica). Our results for anthropogenic pollen markers as a whole are consistent with other studies carried out in northern Europe (e.g. Behre 1981 , Berglund et al. 1986 , Gaillard et al. 1992 , 1994 , Hicks & Birks 1996 , Hjelle 1999 , Court-Picon et al. 2005 , Mazier et al. 2006 .
The pollen spectra from the open vegetation types, such as more or less grazed or anthropically infl uenced areas (groups AS, DQe, GR) are characterized by higher Poaceae percentages and rich diverse pollen fl ora of herbaceous taxa than in the forested sites (AD, DQt). The spores derived from coprophilous fungi are present with low but regular quantities in many samples from these grazed sites (Table 1) . When Quercus coccifera shrubs (DQt) are overgrazed to such an extent that they appear as small cushions or bushes, pollen spectra are often classifi ed as members of group AS (degraded herbaceous vegetation). On the other hand, surface samples originating from areas of well-developed Retama sphaerocarpa shrubs give pollen spectra classifi ed in group GR. Some pollen spectra groups are very similar to each other. For instance, the ordination plot of the PCA (Fig. 4) shows that the AS, DQe and GR groups (pollen spectra from open degraded basiphilous Quercus rotundifolia forests) are situated very close to each other, but the PCA does not reveal any misclassifi cations of the pollen spectra, suggesting that all the groups can be distinguished from each other.
PCA axis 1 separates samples from basiphilous Holm oak sites (positive values) from those from silicicolous Holm oak sites (negative values), while PCA axis 2 separates samples from grazed (positive) and ungrazed (negative) silicicolous communities. A comparable gradient (axis 1) relating to soil moisture was obtained in the study of the modern pollen rain from vegetal communities in Norway (Hjelle 1999) and France (Court-Picon et al. 2005) . The PCA plot (Fig. 4, 5 ) identifi es two groups of taxa which are perfectly superimposed on the JQ and PQ samples. Pollen types for taxa almost exclusively found in silicicolous Holm oak communities, such as Cistus ladanifer, Phillyrea, Prunus/Rubus, Arbutus and Pistacia terebinthus, are found on the negative side of the fi rst axis, and thus characterize sites from the Junipero oxycedri-Quercetum rotundifoliae and Pyro bourgaeanae-Quercetum rotundifoliae in the Madrid area.
The most strongly characterised group is PS (Securinega tinctoria communities), as both HCA (cluster H) and PCA succeed in delimiting it (Fig. 3, 4) . This edaphohygrophile and silicophile community ('tamujar') occupies a relatively modest area of the mesomediterranean belt of the Luso-Extremadurenian subprovince of the Madrid area (López-Sáez & Velasco-Negueruela 2005) . Pollen assemblages from the Pyro bourgaeanae-Securinegetum tinctoriae community are dominated by extralocal pollen and spore taxa such as Securinega tinctoria and Selaginella denticulata (Fig. 3) . PS samples are situated at the bottom left of the PCA plot, with negative values in the PCA axis 1, together with samples from the JQ and PQ groups because of their comparable evergreen Quercus and Cistus ladanifer values.
Sclerophyllous Holm oak forests are also the potential vegetation in the dry and subhumid mesomediterranean territories of the Carpetan-Leonesian and Luso-Extremadurenian subprovinces of Madrid, on siliceous soils, for the syntaxonomical units Junipero oxycedri-Quercetum rotundifoliae (JQm) and Pyro bourgaeanae-Quercetum rotundifoliae (PQ) (Rivas-Martínez 1982 , Izco 1984 . Pollen assemblage from both JQm and PQ communities are characterized by high percentages of evergreen Quercus and Cistus ladanifer (Fig. 3) . These groups of samples are not well discriminated in the HCA until the fi fth division level (cluster F, Fig. 2 ) while they are well discriminated on both the fi rst and second axes of the PCA (Fig. 4) . The principal pollen types (Fig. 3 ) associated with these groups are: Pinus pinea/halepensis (JQm-s), Pistacia terebinthus (JQm-p), Olea europaea, Cytisus/Retama and Phillyrea (PQ).
The different JQm subassociations in the Madrid area are clearly distinguished in the PCA plot. These communities are determined by environmental parameters such as the rainfall gradient refl ected by the fi rst PCA axis (Gavilán et al. 1998) .
As well as the typical mesomediterranean subassociation (quercetosum rotundifoliae) of the Ju-nipero oxycedri-Querco rotundifoliae, which can reach some warm south-facing slopes on the lower levels of the supramediterranean belt, it is possible to distinguish the supramediterranean subassociation arenarietosum montanae (Rivas-Martínez et al. 1999 ) that represents permanent xerophytic communities in the climatic area of the subhumid Luzulo forsteri-Quercetum pyrenaicae (Fig. 1) . Samples from JQs and JQm-p communities show some overlap in the HCA dendrogram between cluster G (Fig. 2) , where both groups of samples are similar because of their comparable Pinus sylvestris and deciduous Quercus frequencies (Fig. 3) . This suggests that their palynological affi nities are based on precipitation similarities. On the contrary, the separation between these communities is possible in the PCA plot (Fig. 4 -5 ) for few taxa: the JQs pollen assemblage is characterized by high values of Juniperus while Pistacia terebinthus and Pteridium aquilinum predominate in JQm-p pollen spectra (Fig. 3) .
HCA cluster J separates samples from JQm-a sites that are individualized from the rest of the Junipero oxycedri-Quercetum rotundifoliae. This is probably because of high Acer, Arbutus, Olea europaea and Phillyrea pollen values (Fig. 2, 3 ). These taxa could be good markers of the thermohygrophytic element that characterizes the fl ora of southwestern Madrid area (Gómez-Manzaneque 1988 , Gómez-Manzaneque et al. 1995 . However, on PCA axis 2 (negative values) both samples are relatively separate, while Acer is situated on the top left side of the PCA plot (positive values) (Fig. 4, 5 ). There is no good correlation in the PCA plot between JQm-a samples and Acer, but only a moderate correlation with Arbutus and Phillyrea. The high percentage of Sordaria in sample 17 may explain its higher position (score -0.03) in the negative values of PCA axis 2.
Identifi cation of land-use indicator pollen/ spore taxa
Visual interpretation of the pollen diagram and the numerical analyses performed on our modern pollen data-set in relation to environmental variables provide an indication of those taxa which occur almost exclusively under certain land-use conditions. These may therefore be identifi ed as pollen/spore taxa markers for each human practice prevailing in the Madrid region. This is true for indicator taxa for agropastoral activities documented in the 'dehesa' samples. The agrosystem of the 'dehesa' is savannahtype Mediterranean evergreen oak woodland with an understorey of grassland, cereal crops or Mediterranean scrub on poor sandy acidic soils in the west of the Madrid region. Here grazing by domestic livestock, often including seasonal movements of animals to adjust to productivity limitations, has infl uenced these systems for centuries (Carreiras et al. 2006 , Peco et al. 2006 . The most common oak species in Madrid 'dehesa' landscape is the Holm oak (Quercus rotundifolia) (Izco 1984) .
Pollen assemblages from grazed vegetation types (clusters D and E, Fig. 3 ) such as 'dehesas' (Dm and Ds) or pasturelands with Holm oaks (Pt) seem to contain more background pollen than other vegetation types. This may be explained by the effect of grazing on local pollen production (e.g. Groenman-van Waateringe 1993 , Hjelle 1998 , Vicent et al. 2000 . This may also explain the relatively higher pollen or spore percentages of Plantago lanceolata, P. major/ media, Urtica dioica, Cercophora, Podospora, Sordaria and Sporormiella in samples from grazed sites than from ungrazed sites, which probably refl ects local production and deposition in grazed sites. The fact that the highest pollen percentages of Plantago lanceolata, P. major/media, Polygonum aviculare and Rumex acetosa type were found in the grazed sites may partly be due to the fact that they were allowed to fl ower before the grass was cut, while grazing may have prevented fl owering in grazed areas (Hjelle 1999 , Vicent et al. 2000 . Furthermore, high percentages of Urtica dioica, Plantago lanceolata and P. major/media types are determined by grazing, trampling and the nitrophilous nature of the vegetation type (Court-Picon et al. 2006) . Interestingly, the proportion of Poaceae decreases with the grazing pressure. This is explained by a strong trampling effect combined with the dietary preference of cattle for most grass species in this family (Groenman-van Waateringe 1993). Since some of the low pollen producers (e.g. Polygonum aviculare and Rumex acetosa) are characteristic of traditionally managed 'dehesas', it is important that they are identifi ed and used as positive evidence when present in a pollen assemblage.
In intensively grazed sites, the pollen production of local plants is reduced or even suppressed due to overgrazing (Groenman-van Waateringe 1993 , Hjelle 1998 , and Pinus pollen, which originates from some distance away, is thus particulary abundant in the pollen assemblages from the Dm (Pinus pinaster and Pinus pinea/halepensis) and Ds (Pinus sylvestris) samples. This over-representation of Pinus in the pollen assemblages is well documented, and numerous studies have already reported that incoming Pinus pollen may dominate pollen spectra from sites where this taxon is absent (e.g. Andrade et al. 1994 , Broström et al. 1998 , Court-Picon et al. 2006 , Gómez-González 2007 .
Earlier investigations have highlighted the difficulties in separating grazed and ungrazed sites from their pollen assemblages (e.g. Gaillard et al. 1994 , Hjelle 1999 ). However, our study demonstrates that is possible to identify a grazed community based on a pollen/spore assemblage. The overall similarities between anthropozoogenous and coprophilous taxa in the PCA plot (Fig. 5 ) and the fact that most of the grazed vegetation groups could be identifi ed by HCA and PCA indicate that this is possible. In grazed sites, the spores derived from coprophilous fungi that develop on manure, dung and other animal faeces are abundant (López-Sáez et al. 1998 , Van Geel et al. 2003 , López-Sáez & López-Merino 2007 . Most coprophilous fungal spores are much more common in intensively grazed sampled sites, suggesting no dispersal process took place in these taxa during the period represented by the moss polsters (possibly 1 -2 years) (Räsänen 2001 , Räsänen et al. 2004 . Similar analyses of modern pollen spectra from various areas in Europe have revealed a strong signal contrasting grazed and ungrazed communities (e.g. Court-Picon et al. 2005 , Mazier et al. 2006 .
Our study is the fi rst attempt to incorporate dung fungal spores into a palynological analysis in Spain under controlled conditions, and demonstrates how the inclusion of coprophilous fungal spore frequencies can provide information on past land uses. Coprophiles produce abundant spores, which are wind dispersed or carried to fresh dung by arthropods. Both of these means of dispersal and transport are most effi cient over relatively short distances, because fruit bodies are situated close to the ground where wind dispersal is less effi cient (Van Geel et al. 2003) . Coprophilous fungal spores consequently indicate a relatively local or sometimes extralocal animal presence, and it has been used in palynological studies as an indicator of grazing by domesticated herbivores , López-Sáez & López-Merino 2007 . Coprophilous fungi can distinguish grazed or manured land uses from all others. Our study shows that regular cattle grazing (Table 1 ) results in a statistically signifi cant increase in extralocal coprophilous fungal spores in the soil.
By contrast, Artemisia and Amaranthaceae, generally ascribed to ruderal communities (Behre 1981) , are found in the Madrid region in all human-infl uenced vegetation types as well as in natural ones, as reported previously by Gaillard et al. (1992 Gaillard et al. ( , 1994 , Hjelle (1997) , Vicent et al. (2000) and Bunting (2003) . The Artemisia pollen is represented in the modern pollen spectra by percentages generally up to 1%, but percentages up to 8% are obtained at sampling sites where Artemisia is actually present in the seral stages of basiphilous Holm oak communities (AS and GR). Amaranthaceae pollen also seems to be well-dispersed (Vicent et al. 2000) . These taxa thus have little ecological signifi cance in terms of grazing indicators, and hence low indicative value.
Conclusions
The analysis of surface modern pollen samples (moss polsters) from natural and human-mediated vegetation types in Central Spain (Madrid region) showed vegetation-pollen relationships in terms of environmental parameters (e.g. annual precipitation, arboreal cover) and land-use practices (e.g. grazing pressure). The established "modern pollen/land-use" relationship provides new insights which will aid the interpretation of fossil pollen records from cultural landscapes in the Madrid region. These results will improve the interpretation of grazing from fossil pollen diagrams.
The numerical analyses carried out in this study give similar overall results, but the different methods also provide different information. Groups of similar vegetation types and pollen assemblages are identifi ed by the HCA classifi cation. The ordinations by the PCA show the gradients within and between the classifi cation groups and make it possible to identify the environmental or land-use variables that are responsible for the main variation within the pollen data. Indicator pollen taxa supports the idea that it is possible to characterize a vegetation community by its pollen assemblage. Statistical analyses show that the variation in the pollen assemblages could be explained by grazing or annual rainfall, which both contribute signifi cantly to the variation in the data set. This suggests that it is possible to separate basiphilous and silicicolous Holm oak communities as well as grazed and ungrazed landscapes based on their pollen assemblages. Although the anthropogenic variables do not explain the majority of the variance in pollen assemblages, they contribute signifi cantly to the variation in the data-set.
Most of the human-infl uenced vegetation types could be distinguished on the basis of the pollen composition. An increase in grazing would be expected to cause increases in coprophilous fungi and weeds associated with disturbed ground. The grazed plants (mainly Poaceae) might be reduced in the pollen diagrams, while others increase proportionally. The data presented here suggest that coprophilous fungal spores can be interpreted as a localised, positive sign of grazing.
